Three sites drilled during Leg 122, Site 761 on the Wombat Plateau and Sites 762 and 763 on the Exmouth Plateau, provide a composite Cretaceous section ranging in age from Berriasian to Maestrichtian. Together, these sites contain an apparently complete, expanded Aptian-Maestrichtian record. Consistently occurring and moderately well-preserved nannofossil assemblages allow reasonably high biostratigraphic resolution. Our data indicate that traditional middle and Upper Cretaceous nannofossil biozonations are not entirely applicable in this region. In this investigation, we compare in detail the relative ranges of key Cretaceous nannofossil markers in the eastern Indian Ocean and in sections from Europe and North Africa. We have determined which previously used events are applicable, and which additional markers have biostratigraphic utility in this region. Significant differences in Campanian-Maestrichtian assemblages exist between the more northern Site 761 and Sites 762 and 763. Such differences are surprising, considering that these sites are only separated by 3° of latitude. We interpret them as marking a strong thermal gradient over the Exmouth Plateau region. Other results include the recovery of an expanded Albian-Cenomanian sequence containing a mixture of Austral and Tethyan floras, which will enable correlation of biozonations established for these two realms; the recovery of two condensed but apparently complete Cenomanian-Turonian boundary sections; correlation of Upper Cretaceous calcareous nannofossil biostratigraphy with magneto-and foraminifer stratigraphy; and correlation of portions of the Barrow Group equivalents to the Berriasian and Valanginian stages. 1 von Rad, U., Haq, B. U., et al., 1992. Proc. ODP, Sci. Results, 122: College Station, TX (Ocean Drilling Program).
INTRODUCTION
The Exmouth Plateau located off northwest Australia represents a classic passive continental margin. One of the major objectives of Ocean Drilling Program (ODP) Leg 122 was to investigate the development of this margin through its pre-, syn-, and post-rift stages. Two sites were drilled in the central part of the Exmouth Plateau and a transect of four sites was drilled on the Wombat Plateau, a marginal horst on the northeast corner of the major structure.
Sediments of Cretaceous age compose a major portion of the total recovery and include: (1) pre-rift strata deposited in deltaic, fluvial, and marginal marine environments (Exon et al., this volume); (2) syn-rift sediments deposited in a juvenile ocean basin (Bralower, this volume; von Rad and Thurow, this volume) ; and (3) post-rift strata deposited in hemipelagic and pelagic environments (von Rad et al., this volume; Haq et al., this volume) . These post-rift sediments are the major subject of this investigation.
Three sites from Leg 122, Site 761 on the Wombat Plateau and Sites 762 and 763 on the Exmouth Plateau (Fig. 1) , provide a composite Cretaceous section ranging in age from Berriasian to Maestrichtian. Collectively, these sites contain an apparently complete, expanded Aptian-Maestrichtian record. Predominantly moderately well-preserved nannofossil assemblages occur throughout most of the sections allowing reasonably high biostratigraphic resolution. Preliminary shipboard investigations (Haq, von Rad, O'Connell, et al., 1990) indicated that traditional middle and particularly Upper Cre- dark yellowish brown calcisphere nannofossil chalk with several discrete bentonite layers. The lower unit is composed of 4 m of yellowish brown to dark brown ferruginous sandstone. This unit contains numerous belemnite guards as well as thin lenses enriched in coccoliths. Site 762 (19°53'S, 112°15'E) lies at a water depth of 1360 m on the central Exmouth Plateau (Fig. 1) . Cretaceous sediment was recovered from one hole (762C) and 535 m were retrieved of 770 m penetrated. The Cretaceous/Tertiary boundary was encountered at 55 mbsf and is characterized by a hiatus of brief duration. The Cretaceous section consists of 284 m of hemipelagic-pelagic interbedded white to light green-gray chalk and green-gray calcareous claystone of Albian-Maestrichtian age. These sediments overlie 10 m of dark gray to black calcareous claystone, the Muderong Shale equivalent, which is of Hauterivian to early Aptian age and reflects the restricted oceanic phase of the young proto-Tethys. The base of this hole consists of black to dark gray silty claystone, the Barrow Group-equivalent sediments of late Berriasian to early Hauterivian age, as determined by palynostratigraphy (Brenner, this volume, chapter 23). This latter unit was deposited in deltaic and marginal marine sedimentary environments.
Site 763 (20°35'S, 112°12'E) is situated at a water depth of 1368 m also on the central Exmouth Plateau (Fig. 1) . Cretaceous sediments were recovered in two holes, 763B and 763C.
The Cretaceous/Tertiary boundary was encountered at 247 mbsf and represents a hiatus of approximately 25 m.y. between the Eocene and late Campanian. Some 275 m of sediment of late Berriasian to late Campanian age were penetrated in Hole 763B. This consists of 139 m of hemipelagic-pelagic light green chalk of early Turonian to late Campanian age, 184 m of hemipelagic Albian-Cenomanian greengray calcareous claystone, 53 m of black silty claystone of Hauterivian to early Aptian age, the Muderong Shale-equivalent sediments, and 38 m of Barrow Group equivalents, dark gray silty claystone of middle Berriasian to early Hauterivian age. Hole 763C penetrated 376 m silty claystone of middlelate Berriasian age, the Barrow Group equivalents, which, as at Site 762, is only partly marine.
In this report, we discuss the Cretaceous calcareous nannofossil biostratigraphy of Holes 761B, 762C and 763B, the thickest and most fossiliferous sections recovered. General nannofossil biostratigraphic results of much shorter (Holes 760A, 761C, 764A, and 764B) and less fossiliferous (Hole 763C) sections are given in Haq, von Rad, O'Connell, et al. (1990) . Individual elements of Cretaceous nannofossil stratigraphy of Hole 761C are discussed in Bralower (this volume; juvenile oceanic sediments and their assemblages and stable isotopes) and Pospichal and Bralower (this volume; Cretaceous/Tertiary boundary nannofossil assemblages in Hole 761C).
TECHNIQUES
This investigation is based on the study of 42 samples from Hole 761B, 191 samples from Hole 762C, and 181 samples from Hole 763B. One to three samples were taken per section depending on the stratigraphic importance of the interval or the required resolution. Smear slides were prepared of all samples using standard preparation methods. Because nannofossils are the major component of most samples, no concentration techniques were employed. All samples were inspected briefly in the light microscope and the best preserved sample per section was chosen for detailed biostratigraphic investigations. The combined light microscope (LM)-scanning electron microscope (SEM) technique of Thierstein et al. (1972) was used to study selected samples in an ISI DS-130 SEM at the University of Miami. The taxonomy of most species observed is standard and described in more detail by various authors (e.g., Gartner, 1969; Thierstein, 1973; Wise and Wind, 1977; Perch-Nielsen, 1985; Covington and Wise, 1987; Crux, 1989) . However, there are a few problems that deserve discussion and these are dealt with in the Appendix, where a full list of the identified taxa is presented.
Thickly concentrated smear slides were prepared so that even the rarest of occurrences could be noted. Relative abundance of nannofossils was determined in the following fashion: a species was determined as abundant if, on average, more than 10 specimens could be observed in a field of view at lOOO× magnification; common if one to 10 specimens could be observed in each field; few if one specimen or more could be observed in every 10 fields of view, and rare if, on average, one specimen could not be observed in 10 fields. Preservation of nannofossils ranges from poor to good in the investigated sections and the etching and overgrowth parameters of Roth (1978) were used to describe the degree of alteration. Special attention was paid to samples in critical stratigraphic intervals, especially near the ends of species ranges, where slides were observed for several hours.
RESULTS
Detailed range charts of nannofossil taxa in Holes 761B, 762C, and 763B are illustrated in back-pocket Tables 1, 2, and 3, respectively. These charts are based on the study of one sample per section in most intervals, exceptions being the poorly fossiliferous Barrow Group-equivalent sediments in Holes 762C and 763B where several samples were studied in most sections, but only the fossiliferous ones are reported. In the post-Turonian section of Hole 763B, our investigation is based on one sample in each alternate section. Far more attention was paid to the ranges of potential markers than to forms with little or no demonstrated biostratigraphic utility. The ranges of the former taxa as reported in Tables 1-3 (back pocket) are therefore much more continuous than those of the latter. The sub-bottom depths of these potential markers are tabulated in Table 4 for the three holes. A high proportion of events lie within "cat-walk" (shipboard, noncurated) corecatcher samples. This could be a result of two factors. First, in intervals of poor recovery, these samples represent the only material from a wide interval and therefore have a higher probability of containing more events than the other sections. Second, this material may be washed down from sections above. For this latter reason, the meter levels of appearance events lying in cope-catcher samples are given for the next overlying occurrence.
ZONATION
There have been many different studies of Cretaceous calcareous nannofossil biostratigraphy over the last three decades. In the Upper Cretaceous interval, one of the first zonations proposed was by Cepek and Hay (1969) based on several North American sections. Further developments in taxonomy and the study of stratotype sections in Europe and Deep Sea Drilling Project (DSDP) cores led others to modify this original scheme. The zonations of Thierstein (1971 Thierstein ( , 1973 and Manivit et al. (1977) have been shown to be useful for the Lower and middle Cretaceous, respectively.
Two schemes, which serve the entire Cretaceous, have been most widely referenced in DSDP/ODP studies. The Sissingh (1977) zonation is largely based upon stratotype and parastratotype sequences in Europe, while the Roth (1978) scheme is developed upon the results of DSDP investigations. These two schemes therefore provide a useful framework for other investigations. Individual zonations proposed by other authors (e.g., Martini, 1976; Verbeek, 1977; Crux, 1982) have been utilized quite often, however, most of these were based on the results of one or few sections and therefore do not have the overall applicability of the Sissingh (1977) and Roth (1978) schemes. Because of the unsuitability of an individual zonation, certain authors have made a point of using a mixture of different zonations (e.g., Stradner and Steinmetz, 1984; Perch-Nielsen, 1985) . Finally, other studies have been based entirely on less formal biohorizons (e.g., Thierstein, 1976; or a combination of zones and biohorizons (e.g., Bralower, 1988) .
One of the most interesting results of our investigation is that neither of the commonly utilized Cretaceous calcareous nannofossil zonations, Sissingh (1977) or Roth (1978) , is entirely applicable for the sections studied. Three major problems hinder the application of these zonations; variable taxonomic concepts, the rarity of important markers and differences in the order of events. These problems are most acute for the post-Cenomanian interval.
Differences in taxonomic concepts are not a significant reason for the inapplicability of zonations, especially that of Roth (1978) who used concepts similar to ours. A few disparities do arise in the Sissingh (1977) scheme, in particular with the two species of Reinhardtites, R. anthophorus, and R. levis. This particular taxonomic problem is discussed in the Appendix. A few species utilized by these other authors are too rare for consistent ranges to be developed. These include Tetralithus obscurus, Lucianorhabdus maleformis, Marthasterites furcatus, and Ceratolithoides aculeus.
The most severe problem, however, is the inconsistency in the order of marker events within our sections and between them and the zonation schemes. Biohorizon order is fairly consistent between Holes 762C and 763B on the central Exmouth Plateau, but rather different between these holes and Wombat Plateau Hole 761B (Table 4 ). This intriguing problem will be discussed in detail in a later section. Because of the apparent time-transgressiveness of events, we have chosen not to define a new Cretaceous zonation for the Indian Ocean basin based on our results until these disparities have been resolved.
Since both Sissingh (1977) and Roth (1978) zonations are partially applicable in the sections investigated, we compare our results to both of them. Figure 2 illustrates a tabulation of potential marker events which could be most accurately determined in our sections, and a comparison of these events with these two zonations. Because we have been unable to define several of the zonal markers accurately in our sections, we have combined many of the zones of Sissingh (1977) and Roth (1978) . However, we are able to define some of their individual zones in the sections investigated in the Aptian to Maestrichtian interval. In other intervals, in addition to the use of combined zones, we rely on the use of biohorizons. The order of these events has been determined in Holes 762C and 763B as these sections are thicker, more complete, and compare more favorably with one another than with Hole 761B. The two zonations (Sissingh, 1977; Roth, 1978) show an equal amount of applicability in the sections investigated. Overall, however, our results compare well to the biohorizon scheme of , which was based entirely on earlier drilling in the Indian Ocean, although this scheme was not very detailed.
Zonal and non-zonal events are of varying reliability as a result of biostratigraphic and taxonomic factors. Problems include taxonomic gradation between different species, rarity of forms, and facies or paleobiogeographic factors which cause marked abundance fluctuations and possible nonsynchroneity of events in different sections. In Table 5 , we tabulate events which are affected by these problems and those events which we feel are the most reliable.
The pre-Aptian sections investigated are characterized by depauperate nannofossil assemblages of unusual composition. These sediments were deposited in marginal marine environments and therefore lack many of the zonal markers used in pelagic and hemipelagic sections. We rely on the occurrence of individual markers and other evidence to date this material, and this is discussed in detail in a later section.
Summary diagrams showing the correlation of zones and biohorizons to the three sections investigated are illustrated in Figure 3 (Hole 761B), Figure 4 (Hole 762C), and Figure 5 (Hole 763B). These diagrams include a column indicating the stratigraphic continuity of individual sections, condensed intervals, and unconformities. The stratigraphic ramifications of our biostratigraphy are discussed below individually for each hole.
To illustrate the difficulties in application of published zonations, and so that our results can be more easily compared to those of other investigations, the following is a zone-by-zone discussion of the correlation of the Sissingh (1977) zonation in the sections observed. We have chosen the Sissingh (1977) zonation for this analysis rather than the scheme of Roth (1978) because the former scheme has been more frequently applied in other Indian Ocean Cretaceous investigations.
CC26 Nephrolithus frequens Zone
Definition. Interval from the first to the last occurrence of Nephrolithus frequens.
Authors. Cepek and Hay (1969) . Age. Latest Maestrichtian. Hole 761B. Sections 122-761B-21X-4 to 122-761B-23X-1. Hole 762C. Sections 122-762C-43X-1 to 122-762C-47X-4. Hole 763B. Not present.
Comments. The base of this zone is clearly time-transgressive between the two sites. In Hole 761B, the first occurrence of N. frequens correlates with the first occurrence of Micula murus (Table  4 ; Fig. 3 ), whereas in Hole 762C this event lies below the first occurrence of Lithraphidites quadratus (Table 4 ; Fig. 4 ). The last occurrence of Petrarhabdus copulatus and first occurrences of Lithraphidites quadratus and L. praequadratus lie in this interval in Hole 762C (Table 4 ).
CC25 Arkhangelskiella cymbiformis Zone Taxonomic/cnt Definition. Interval from the last occurrence of Reinhardtites levis to the first occurrence of Nephrolithus frequens.
Author. Sissingh (1977) . Age: Late Maestrichtian. Hole 761B. Sections 122-761B-23X-1 to 122-761B-24X-1. Hole 762C. Sections 122-762C-47X-4 to 122-762C-47X-CC. Hole 763B. Not present.
Comments. The top of this zone is clearly time-transgressive between the two sites (see comments under Zone CC26). Determina-tion of the last occurrence of R. levis in the material examined should not be affected by our difficulties in distinguishing this species from R. anthophorus (see Appendix for details) as this level marks the last occurrence of the genus as a whole. The last occurrence of Petrarhabdus copulatus and first occurrences of Lithraphidites quadratus and L. praequadratus lie in this interval in Hole 76IB (Table 4 ).
CC24 Reinhardtites levis Zone
Definition. Interval from the last occurrence of Tranolithus phacelosus to the last occurrence of Reinhardtites levis.
Author. Sissingh (1977) . Age. Early Maestrichtian. Hole 761B. Indefinable. Hole 762C. Indefinable. Hole 763B. Not present. Comments. T. phacelosus is a synonym of T. orionatus. The last occurrence of T. orionatus lies in Section 122-761B-23X-4 and in Section 122-762C-47X-5, which are above the first occurrence of N. frequens (Table 4 ). Thus, although the markers occur, the reverse order of events from the Sissingh (1977) zonation means that this interval does not exist in the sections studied.
CC23 Tranolithus phacelosus Zone Definition. Interval from the last occurrence of Reinhardtites anthophorus to the last occurrence of Tranolithus phacelosus.
Author. Sissingh (1977 Author. Sissingh (1977) . Age. Late Campanian. Hole 761B. Sections 122-761B-25X-CC to 122-761B-26X-CC. Hole 762C. Sections 122-762C-54X-5 to 122-762C-57X-1. Hole 763B. Sections 122-763B-8X-CC to 122-763B-10X-CC. Comments. We combine T. nitidus and Quadrum sissinghii in Q. gothicum as it is not possible to differentiate between these taxa in overgrown condition. Perch-Nielsen (1985) differentiated between the first occurrence of Q. gothicum at the Santonian-Campanian boundary and the first occurrence of Q. sissinghii in the late Campanian. In Holes 762C and 763B, the first occurrence of Q. gothicum lies close to 50 m above the first occurrence of Broinsonia parca which is a more traditional definition of the Santonian-Campanian boundary. Thus, we believe that the range of Q. gothicum obtained here is similar to that of T. nitidum given by Sissingh (1977) . The first occurrence of Petrarhabdus copulatus lies in this interval in Hole 762C (Table 4 ). The interval from the top of this zone down to Zone CC8 is condensed, missing or poorly recovered in Hole 761B (Fig. 3 ).
CC20 Ceratolithoides aculeus Zone Definition. Interval from the first occurrence of Ceratolithoides aculeus to the first occurrence of Tetralithus nitidus.
Author. Sissingh (1977) . Age. Early Campanian. Hole 761B. Top in Section 122-761B-26X-CC. Hole 762C. Top in Section 122-762C-57X-1. Hole 763B. Top in Section 122-763B-10X-CC. Comments. Ceratolithoides aculeus is rare in the material examined, and it is therefore not possible to obtain an accurate range for this taxon. In Hole 762C, a few specimens have been observed below the first occurrence of Broinsonia parca, which defines the base of Zone CC18, indicating that the range of C. aculeus may be slightly different here from the locations studied by Sissingh (1977) .
CC19 Calculites ovalis Zone
Definition. Interval from the last occurrence of Marthasterites furcatus to the first occurrence of Ceratolithoides aculeus.
Author. Sissingh (1977) . Age. Early Campanian. Hole 761B. Indefinable. Hole 762C. Indefinable. Hole 763B. Indefinable. Comments. In Holes 761B and 762C, both species have been observed too rarely to provide reliable ranges. In Hole 763B, M. furcatus occurs consistently, but its last occurrence lies below the first occurrence of Broinsonia parca, which defines the base of the zone below.
CC18 Aspidolithus parcus Zone Definition. Interval from the first occurrence of Aspidolithus parcus to the last occurrence of Marthasterites furcatus.
Author. Sissingh (1977) . Age. Early Campanian. Hole 761B. Base in Section 122-761B-27X-1. Hole 762C. Base in Section 122-762C-63X-1. Hole 763B. Base in Section 122-763B-15X-2.
Comments. The first occurrence of B. parca is a very reliable event. The last occurrence of Lithastrinus grillii lies in the interval between the base of this zone and the top of Zone CC20 (Figs. 3-5; Table 4 ).
CC17 Calculites obscurus Zone Definition. Interval from the first occurrence of Calculites obscurus to the first occurrence of Aspidolithus parcus.
Author. Sissingh (1977 Author. Sissingh (1977) .
Comments. C. obscurus was not observed in the samples examined. The first occurrence of L. cayeuxii appears to be a reliable event. The first occurrences of Ceratolithoides aculeus and Parhabdolithus regularis lie in the interval between the base of this zone and the top ofZoneCC17(Table4).
CC15 Reinhardtites anthophorus Zone
Definition. Interval from the first occurrence of Reinhardtites anthophorus to the first occurrence of Lucianorhabdus cayeuxii.
Author. Sissingh (1977) . Age. Early Santonian. Hole 761B. Top in Section 122-761B-27X-CC. Hole 762C. Top in Section 122-762C-66X-CC. Hole 763B. Top in Section 122-763B-15X-CC. Comments. We have been unable to differentiate consistently between R. anthophorus and related zygoliths. Moreover, in all three sites, the lowest Reinhardtites occurs below the first occurrence of Micula staurophora which defines the base of the zone below.
CC14 Micula staurophora Zone Definition. Interval from the first occurrence of Micula staurophora to the first occurrence of Reinhardtites anthophorus.
Author. Sissingh (1977 Sissingh (1977) and Roth (1978) zonations and with Cretaceous stage boundaries. Biohorizons shown in bold are zonal markers.
Comments. M. furcatus has been observed too rarely to provide a reliable range.
CC12 Lucianorhabdus maleformis Zone Definition. Interval from the first occurrence of Lucianorhabdus maleformis to the first occurrence of Marthasterites furcatus.
Author. Sissingh (1977 Comments. L. maleformis has been observed too rarely to provide a reliable range. The first occurrence of T. pyramidus (Q. gartneri) lies in the condensed interval just above the Cenomanian-Turonian boundary in Holes 762C and 763B. The first occurrence of Marthasterites furcatus lies in the interval between the base of this zone and the top of Zone CC13 in Hole 763B. The first occurrence of Kamptnerius magnificus lies in this same interval in Holes 762C and 763B. Clearly the interval including this zone and Zone CC10 is very condensed in Holes 762C and 763B (Figs. 4 and 5).
CC10 Microrhabdulus decoratus Zone
Definition. Interval from the first occurrence of Microrhabdulus decoratus to the first occurrence of Tetralithus pyramidus.
Author. Sissingh (1977 Comments. The early Aptian interval in Holes 762C and 763B contains a low diversity nannoflora without the standard marker taxa. We use the first occurrence of Rucinolithus irregularis as a proxy for the first occurrence of Chiastozygus litterarius (Thierstein, 1973) .
In conclusion, we rely on a combination of Sissingh (1977) and Roth (1978) zonation schemes and numerous less formal biohorizons. Further, more detailed study of critical intervals in these sequences and a compilation of data from other Indian Ocean Cretaceous sections will lead to development of a clearly required, more formal regional zonation scheme.
STAGE BOUNDARY DEFINITIONS
The problem of varying order of events between our sections and the commonly referenced zonations is not unique. A comparison of the order of the same events in four different schemes, Thierstein (1976 , Sissingh (1977) , Roth (1978) , and Perch-Nielsen (1985) reveals a similar degree of disparity (Table 6 ). Of equal concern is the lack of agreement of the age assignment of individual markers. The age calibration of numerous events has been well determined in stratotype and parastratotype sections and is similar in different publications. However, there are still several other routinely used events which have widely varying age assignments, and these are not always a result of explicable taxonomic differences. Cases in point are the last occurrence of Lithastrinus grillii, and the first occurrences of Micula staurophora and Lucianorhabdus cayeuxii (Table 6 ). These problems are compounded by the fact that nannofossil events rarely exactly define Cretaceous stage boundaries with any precision.
Of 11 Cretaceous stage boundaries, it is only possible to define four with varying degree of precision using nannofossil biostratigraphy ( Fig. 2 ) and even these definitions invoke arguments among different specialists. These boundaries and the definitions used here are: Barremian-Aptian (first occurrences of Chiastozygus litterarius and Rucinolithus irregularis (Thierstein, 1973) ), Cenomanian-Turonian (last occurrence of Microstaurus chiastius (Bralower, 1988) ), Santonian-Campanian (first occurrence of Broinsonia parca (Thierstein, 1976) ), Campanian-Maestrichtian (last occurrence of Eiffellithus eximius (Thierstein, 1976) ). In addition, we approximate the Albian-Cenomanian boundary by the first occurrence of Corollithion kennedyi although this event lies in the lowermost Cenomanian (Crux, 1982) . Other Cretaceous stage boundaries can only be approximated by two boundary events, and in some cases the uncertainty is considerable (Fig. 2) . In particular, the Coniacian is a very difficult stage to pin down. that the boundary is probably complete. In other intervals, particularly the upper Turonian to lower Santonian, biostratigraphic resolution is insufficient to adequately test the completeness of the section. These two holes provide the opportunity for a classic reference section for the Albian-Maestrichtian in the eastern Indian Ocean. They also provide a framework against which to interpret less complete sectionsfor example, the sequence recovered in Hole 761B. In the following, we summarize the nannofossil biostratigraphy of the three holes and its stratigraphic implications.
CRETACEOUS BIOSTRATIGRAPHY OF THE EXMOUTH PLATEAU
Hole 762C An apparently complete lower Turonian to upper Maestrichtian section was recovered in Hole 762C (Table 2, back pocket; Fig. 4 ). Preservation of calcareous nannofossils is moderate throughout most of the hole with a slight deterioration downsection. Most samples contain evidence of etching and overgrowth. While this has not led to the preservation of fragile forms or an exceptionally high diversity, the markers are adequately preserved, and most of them have fairly continuous ranges. The lack of significant facies or preservation changes in most of this section also increases biostratigraphic reliability. Certain intervals, for example that sur-rounding the Cenomanian-Turonian boundary, contain poorly preserved nannofossils.
The Cretaceous/Tertiary boundary in Hole 762C lies in the upper part of Section 122-762C-43X-1. The sediments across this boundary are not firm and this boundary does not appear to be biostratigraphically complete. Paleocene nannofossil Zone NP1 is much thinner than at Site 761 (Siesser and Bralower, this volume). The upper Santonian to upper Maestrichtian section measures almost 200 m in this hole and is very expanded compared to Hole 761B. There do not appear to be any major gaps in this part of the section. The only events which coincide are the last occurrences of Broinsonia parca and Reinhardtites levis in Section 122-762C-47X-CC, and the first occurrences of Broinsonia parca and Parhabdolithus regularis in Section 122-762C-63X-1. It is possible that there are minor unconformities in these sections. The lower Santonian to upper Cenomanian part of the section appears to be less expanded, although we have no quantitative evidence for this statement and the biostratigraphic resolution in this part of the column is lower than that above. Nannofossil preservation starts to decline in the upper Turonian and decreases dramatically in Core 122-762C-75X near the Cenomanian-Turonian boundary, an observation that will be discussed in a later section. Preservation is poor in chalks in Cores 122-762C-76X to 122-762C-78X, which are of Albian-Cenomanian age. The Muderong Shale-equivalent strata in Cores 122-762C-79X and -80X were poorly recovered. Nannofossils in this unit are rare, of low diversity, and lack standard marker taxa. This unit had previously been assigned a late Barremian to early Aptian age based on the presence of Vαgαlαpillα mαtαlosα and the absence of later Aptian species such as Parhabdolithus angustus and Eprolithus floralis (Haq, von Rad, O'Connell, et al., 1990) . However, V. matalosa has been in observed in sediments of known Valanginian age at Site 766 (Mutterlose, in press) , thus considerably extending the range of this taxon and refuting our previous age assignment of the Muderong-equivalent sediments. Brenner (this volume, chapter 23) has determined an Hauterivian to early Aptian age for this unit based on palynostratigraphy. This early Aptian age is supported by nannofossil biostratigraphy. One sample from the "cat-walk" core catcher of Section 122-762C-78X-CC, which is within the Muderong Shale equivalent, as opposed to the chalk from the overlying core catcher, contains single specimens of Rucinolithus irregularis and Micrantholithus hoschulzii. The combination of these species indicate an early Aptian age (Thierstein, 1976) . The age of the underlying Barrow Group equivalents will be discussed in detail in a later section. Several layers of green clay stone in Cores 122-762C-45X to -47X (middle Maestrichtian) contain unusually high abundances of the nannofossil genus Micula (species mainly M. staurophora). Although this species is extremely solution resistant (Thierstein, 1980) , these sediments contain extremely low ratios of the solution resistant species Watznaueria barnesae to less resistant taxa. These occurrences, which appear to be "blooms," have also been reported from the Maestrichtian of Israel (Moshkovitz and Eshet, 1989) . Other samples in this site contain unusual enrichments of the holococcolith species, Lucianorhabdus cayeuxii.
Hole 763B
A hiatus of about 30-m.y. duration at the top of Core 122-763B-8X is underlain by an apparently continuous upper Aptian/lower Albian to upper Campanian section (Table 3, (Table 4) ; however, L. cαyeuxii has a fairly patchy distribution in these sediments and appears to be facies dependent (Table 5 ). Nannofossil preservation at the top of this section is moderate, and as in Hole 762C, this deteriorates downward toward the Cenomanian-Turonian boundary, which lies between Cores 122-763B-22X and -23X. The boundary interval is characterized by extremely poor preservation. One of the major features of this site is the recovery of an expanded Albian-Cenomanian section with well-preserved nannofossüs. Assemblages from this material will be discussed in more detail in a later section. It is not possible to precisely date the oldest part of this section, as the Aptian-Albian boundary cannot be defined on the basis of nannofossüs. The range of Cribrosphαerellα primitivα, the first occurrence of which lies in the late Aptian (Thierstein, 1976) , extends down to Section 122-763B-39X-CC. However, nannofossü preservation deteriorates strongly below this level, precluding the determination of the true first occurrence of this species.
A more complete section of Muderong Shale-equivalent strata was recovered from this hole in Cores 122-763B-42X to 122-763B-47X. Sediments from Section 122-763B-43X-3 to 122-763B-47X-CC had been dated as late Barremian to early Aptian based on simüar criteria to the same unit from Hole 762C-the presence of Vαgαlαpillα mαtαlosα but absence of typical Aptian forms. However, as in Hole 762C, this age is now uncertain and appears to be somewhat older, ranging from Hauterivian to early Aptian (Brenner, this volume, chapter 23). As in Hole 762C, this unit contains an extremely low-diversity nannoflora with unusually high abundances of V. mαtαlosα, V. strαdneri, Biscutum constαns, and Parhabdolithus asper. A few specimens of Broinsonia orthocancellata have been observed but the range of this species has not been well constrained. Simüar assemblages have been observed from contemporaneous sediments from DSDP Sites 327 and 511 on the Falkland Plateau (Wise and Wind, 1977; Wise, 1983) and the low diversity of these assemblages are interpreted as reflecting deposition in a juvenile ocean basin. The age of the underlying Barrow Group equivalents wül be discussed in detail in a later section.
Hole 761B
We discuss Hole 76IB last because this is the least complete Cretaceous sequence and the results obtained from the other two sites help interpret the biostratigraphy of this section. The Cretaceous/Tertiary boundary in this hole lies in Section 122-761B-21X-4 at 128 cm. This is a disturbed contact and is not as complete as the section recovered in Hole 761C (Pospichal and Bralower, this volume) . No Micula prinsii were observed at either this site or at Site 762, although the absence of this latest Maestrichtian taxon does not indicate that this interval is missing, as it has not been observed in other boundary sections which have been demonstrated to be complete. The Maestrichtian appears to be complete, or at least as far as can be interpreted with nannofossil biostratigraphy (Table 1 , back pocket; Fig. 3 ). One interesting result is that the first occurrence of Nephrolithus frequens lies at a similar level to that of Micula murus, whereas in Hole 762C it lies some 32 m lower, below the first occurrence of Lithraphidites praequadratus. Other Upper Cretaceous events also appear to be slightly diachronous between the two sites ( Table 4 ). We have concluded that the reasons for this diachroneity are largely paleoceanographic, and discuss this in more detail in the next section.
The remainder of Hole 761B below the Maestrichtian, which was poorly recovered, appears to be either condensed, or punctuated by unconformities ( Fig. 3) . We utilize the biostratigraphy developed in Holes 762C and 763B to interpret the stratigraphy of this section. The Campanian is extremely thin, spanning only three cores, 122-761B-25X to -27X. Much of the Santonian is missing, although a small section of Coniacian or early Santonian age exists between Sections 122-761B-27X-2 and -27X-CC (Fig. 3) . Chalk recovered in Section 122-761B-28X-CC is of middle Albian age.
DISCUSSION

Age Calibration of the Neocomian Barrow Group Equivalents
The precise age of the Barrow Group-equivalent sediments drilled in Hole 762C is difficult to establish owing to the paucity of nannofossil markers in this unit (Table 2, back pocket). Numerous nannofossiliferous samples were found, however, and the presence of a few marker specimens has enabled the age of this unit to be loosely constrained. Palynostratigraphy provides much more definitive age information in the Barrow Group equivalents (Brenner, this volume, chapter 23). Section 122-762C-82X-CC contains Cruciellipsis cuvillieri, Crucibiscutum salebrosum, and Diadorhombus rectus, and Section 122-762C-86X-CC contains the former two markers. The ranges of these taxa overlap from the uppermost Ryazanian to the upper Hauterivian, but C. salebrosum shows a pronounced acme in the Valanginian in the North Sea region (e.g., Crux, 1989) . D. rectus has been observed in the Berriasian to Aptian in well-preserved material, and has been used as a marker for the middle Valanginian, where its range is restricted in most sequences (Thierstein, 1976) within the Tubodiscus verenae (NK3) Zone (Bralower et al., 1989) . Although not entirely equivocal, the above evidence suggests a middle Valanginian age for this part of the Barrow Group-equivalent sediments.
A different nannofossil assemblage occurs in Samples 122-762C-88X-5, 53 cm, and 122-762C-91X-CC, 13 cm, but this does not include age-diagnostic taxa (Table 2, back pocket). From the nannofossil biostratigraphy, it is not clear whether the Barrow Group-equivalent strata in Hole 762C were characterized by continuous sedimentation, or whether there is an intraformational hiatus, as suggested by the seismic stratigraphy (Boyd et al., this volume; Haq et al., this volume) .
The Barrow Group equivalents were recovered in Holes 763B and 763C, and in this report we discuss the nannofossil biostratigraphy of both holes. The upper part of the Barrow Group equivalents recovered in Sections 122-763B-48X-4 to -54X-CC is late Berriasian to Valanginian in age. The age of the former interval is indicated by the presence of Tubodiscus verenae in Section 122-763B-54X-CC (Table 3 , back pocket). Nannofossils occur in Hole 763C from Section 122-763C-4R-CC to 122-763C-12R-CC. Species observed include Eiffellithus primus, Percivaliafenestrata, and Micrantholithus obtusus, which indicate that this interval is younger than middle Berriasian (Bralower et al., 1989) .
The remainder of Hole 763C below this interval is largely barren of nannofossils, with the exception of the interval between Cores 122-763C-19R and -21R in which we observed some extremely well-preserved assemblages. These lack characteristic markers and contain some very rare, and possibly undescribed, forms of the genus Stradnerlithus. The only taxon observed that has a well-defined, reported range is Micrantholithus brevis, which has been reported from the upper Ryazanian and lower Valanginian of the North Sea region (Jakubowski, 1987; Crux, 1989) . As in Hole 762C, it is not possible to predict whether there are more than one unconformable sequences in Hole 763C. The ages given by palynostratigraphy (Brenner, this volume, chapter 23) are once again more definitive, but are supported by the information obtained here.
An Expanded Middle Cretaceous Temperate Nannofossil Biostratigraphy in Hole 763B
An expanded late Aptian/early Albian to late Cenomanian section corresponding to the Gearle Siltstone unit was recovered in Hole 763B. This unit is predominantly composed of calcareous claystone or marl, and although excellent, the recovery is biscuited (regular horizons disturbed by drilling) and thus, not all of the material is useful. Sediments contain well-preserved temperate nannofloras with elements of both Austral and Tethyan assemblages. Study of this section therefore allows calibration of zonation schemes developed in high-(e.g., Wise, 1983) and low-latitude (e.g., Thierstein, 1973) regions. Potential biostratigraphically useful markers from this interval have been tabulated in Tables 4-6. These include species that have abundance peaks in high-latitude regions: Cribrosphaerella primitiva, Sollasites falklandensis, Corollithion kennedyi, and Percivalia hauxtonensis. These taxa provide both first and last occurrence events in the middle Cretaceous. The range of C. primitiva is by far the most continuous, the other species having patchier distributions toward the ends of their ranges. Other Austral species with less clear biostratigraphic potential include: Although detailed counts of nannofossil assemblages have not been conducted, there do not appear to be any dramatic fluctuations in the relative abundances of taxa with Tethyan and Austral affinities. This would indicate that Site 763 was located in a fairly stable part of the temperate realm throughout the middle Cretaceous. The Austral part of the nannofloral assemblage apparently declined somewhat in the Cenomanian, as indicated by the low relative abundances of Lithraphidites acutum. Sections, Sites 762 and 763 The Cenomanian-Turonian boundary has been associated with an oceanwide anoxic event (Schlanger and Jenkyns, 1976; Schlanger et al., 1987) . This is indicated by the occurrence of organic carbon-rich sediments near the boundary in numerous land and deep-sea sections. Two apparently complete Cenomanian-Turonian boundary sequences were recovered in Holes 762C and 763C. In Hole 763B this boundary lies between Cores 122-763B-22X and -23X.
Cenomanian-Turonian Boundary
Dark shales were recovered in the Cenomanian-Turonian boundary interval in Holes 762C and 763C. In Hole 762C, dark brown shale occurs in Section 122-762C-75X-1, between 115 cm and 138 cm. This interval has a transitional upper but a sharper lower boundary and has organic carbon contents less than 2%. Shales are considerably more organic-rich in Hole 763C, containing between 7% and 15% total organic carbon (TOC) (Haq, von Rad, O'Connell, et al., 1990) . Two thin, organic-rich horizons occur in this hole in Section 122-763C-2R-1, between 20 and 32 cm and between 60 and 63 cm. These two organic-rich horizons are sandwiched within an interval of glauconitic claystone.
Calcareous nannofossil biostratigraphy indicates that the Cenomanian-Turonian boundary interval is extremely condensed in both holes. In Section 122-762C-75R-1, the last occurrence of Microstaurus chiastius occurs right below the brown shale horizon, and the first occurrence of Eiffellithus eximius lies right above this 23-cm-thick level. These two events occur in the opposite order in expanded Cenomanian-Turonian boundary sections in the North American Western Interior Basin and are separated by up to 7 m (Bralower, 1988) . Poor nannofossil preservation occurs on both sides of the boundary with low nannofloral abundances. The Whiteinella archaeocretacea foraminifer Zone is only 43 cm thick in this hole (Wonders, this volume) whereas it is over 4 m thick in Western Interior sections (e.g., Leckie, 1985) . In Hole 763C, the last occurrences of numerous Cenomanian species, including Microstaurus chiastius, Axopodorhabdus albianus, Corollithion kennedyi, and Lithraphidites acutum lie in chalk just below the glauconitic claystone in Sample 122-763C-2R-1, 78-79 cm. These events are spread out over a 5-m interval in the Western Interior Basin (Bralower, 1988) . No Turonian markers were observed in the glauconitic claystone in Section 122-763C-2R-1. This interval is largely barren and those assemblages which do occur are extremely etched.
Although there is no evidence for a break in sedimentation across the Cenomanian-Turonian boundary in either section, sedimentologic and biostratigraphic evidence indicates that this interval is clearly condensed. This boundary interval represents a major transgressive phase (e.g., Haq et al., 1987) preceding one of the highest sea-level highstands of the Phanerozoic era. Three possible explanations exist for the lack of carbonate in horizons of this age on the Exmouth Plateau:
1. The transgression may have led both to sequestering of carbonate and increased upwelling in shelf environments, and an accentuation of the normal shoaling of the carbonate compensation depth (CCD) along continental margins (e.g., Berger and Winterer, 1974; Arthur et al., 1987) . This resulted in poor carbonate preservation, slow sedimentation, erosion and nondeposition in shelf sections such as Sites 762 and 763.
2. Oceanic community structure changed at this time, precluding calcareous planktonic microfossils in particular environments.
3. Complete dissolution of carbonate took place in the highly corrosive bottom waters associated with the increased fluxes of organic material (e.g., Bralower, 1988 ).
An Expanded Upper Santonian to Maestrichtian Composite Section
Our results indicate that combined Holes 761B, 762C, and 763B provide two complete composite upper Santonian to upper Maestrichtian sections. Hole 762C appears to be complete from the Cenomanian through to the Cretaceous/Tertiary boundary. Hole 76IB contains an apparently complete and expanded Maestrichtian and a condensed Campanian. Hole 763B appears to have recovered an expanded Coniacian to Campanian sequence.
Although there are some significant differences in assemblages and ranges between Exmouth and Wombat Plateau holes, which will be discussed in the following section, there are numerous events that occur in a consistent order and appear to have biostratigraphic utility Tables 4 and 5) . Almost half of these events have not been used in previous zonations. The following is a short discussion of the relative merits of these potential biostratigraphic markers.
Lithraphidites praequadratus was differentiated from L. quadratus morphometrically (Roth, 1978) . As these taxa occur consistently in the Maestrichtian, their first occurrences are potentially useful events, although exact measurements need to be made to differentiate them from one another and from L. carniolensis. The first and last occurrences oiPetrarhabdus copulatus are useful events in the upper Campanian and lower Maestrichtian, respectively. This species is extremely distinctive (PI. 2); however, its stratigraphic distribution is often patchy (e.g., Table 2 , back pocket), and its distribution appears to have been limited to temperate and high-latitude sites (e.g., Wise, 1983) . The last occurrence of Broinsonia parca is a pronounced event in the lower Maestrichtian. This species is taxonomically distinctive and occurs consistently in the sections observed. The last occurrence of Eiffellithus eximius is a little less reliable, as the abundance of this species tends to decrease toward the top of its range. The last occurrence of Quadrum trifidum is a moderately useful event. Although this species is extremely distinctive, it is quite rare in most of the samples observed. The first occurrence of Arkhangelskiella cymbiformis has biostratigraphic potential in well-preserved material; however, in the material observed here, common overgrowth has rendered this taxon difficult to distinguish consistently from Broinsonia enormis (see Appendix for full discussion). Several events of Polycyclolithaceae species, the first and last occurrences of Lithastrinus grillii, the first occurrence of Eprolithus moratus, and the first occurrence of Eprolithus floralis help subdivide the Santonian to lower Campanian interval. These taxa are distinctive and occur consistently in the sections studied. The first occurrence of Parhabdolithus regularis in the upper Santonian is another useful event, as this species is both distinctive and a common element of the investigated assemblages.
The combination of events from these three sections and other DSDP/ODP sequences will allow development of an Upper Cretaceous biozonation for the eastern part of Tethys.
Paleobiogeography of Upper Cretaceous Exmouth Plateau Assemblages and Diachroneity of Nannofossil Events
As stated earlier, the major focus of this investigation is biostratigraphy and not paleobiogeography. No detailed quantitative assemblage studies have been conducted and therefore the paleobiogeographic significance of nannofossil assemblages cannot be interpreted rigorously. However, certain rudimentary paleobiogeographic observations can be made based on obvious differences in Campanian-Maestrichtian assemblages between Hole 761B and Holes 762C and 763B, and on the differing stratigraphic ranges of key marker taxa between these locations.
The order of important Upper Cretaceous biohorizons is different between Holes 761B and 762C and 763B (Table 4 ). Diachroneity between sites can be established in two major ways. In the first, the relative order of events can be compared, and significant disparities may be attributed to diachroneity. Care must be taken to analyze the relative reliability of events in the different sites and to take into account the effect of incomplete recovery. A second method involves the correlation of events with the geomagnetic polarity time scale. In this case, care must be taken to avoid circular reasoning, as it is often the events themselves which help identify magnetic polarity zones. The relative order of Santonian-Maestrichtian calcareous nannofossil events in Holes 761B and 762C are compared in Figure 6 . We do not include Hole 763B in this analysis, as the order of events in this hole is similar to Hole 762C.
Hole 76IB contains a thinner Upper Cretaceous section than Hole 762C with poorer recovery (Fig. 6 ). This problem aside, it is clear from the order of events and correlation with magnetostratigraphy that there are biohorizons that are timetransgressive between the sites. These events include the first occurrences of Nephrolithus frequens and Lithraphidites praequadratus and the last occurrence of Lithastrinus grillii.
The first occurrence of Lithraphidites praequadratus appears to lie relatively lower in Hole 76IB than in Hole 762C, correlating with polarity zone 31R in the former hole and probably with zone 3 IN in the latter. The relative order of this event is inconsistent with other events including the last occurrences of Petrarhabdus copulatus, Reinhardtites levis, and Tranolithus orionatus (Fig. 6 ). The last occurrence of Lithastrinus grillii lies relatively higher in Hole 76IB compared to Hole 762C with respect to the first occurrences of Quadrum trifidum, P. copulatus, and Q. gothicum.
The most clearly diachronous event is the first occurrence of Nephrolithus frequens. This biohorizon is clearly out of order with respect to four other nannofossil events. Although in some doubt (see next section for discussion), the first occurrence of N. frequens appears to lie in polarity zone 30N in Hole 761B and 3IN in Hole 762C (Fig. 6) . The apparent diachroneity of Nephrolithus frequens has been observed before in comparisons of late Maestrichtian biostratigraphies of high-and low-latitude sites (Worsley, 1974; Wise, 1988; Pospichal and Wise, 1990) . Nephrolithus frequens has a predominantly high-latitude distribution, whereas Micula mums is more common in material from low-latitude sequences. Thus, the fact that the first occurrence of N. frequens lies relatively lower in the southern Site 762 than in Site 761 is consistent with previous observations; however, the magnitude of this diachroneity is surprising considering that the two sites were only separated by 3° of latitude. This interesting result indicates either that there must have been an extremely marked thermal gradient over the Exmouth Plateau region at this time, or else that some other ecological variable as well as temperature controlled the distribution of these taxa. Several events coincide at a particular horizon at one site but are separated at the other (Fig. 6 ). An example is the first occurrences of Broinsoniα pαrcα and Pαrhαbdolithus regulαris. The co-occurrence of these events at Site 762C could indicate an unconformity; alternatively, these events may be separated with a more detailed investigation. With these exceptions the order of events between Holes 761B and 762C is nearly comparable (Fig. 6 ). Minor differences can be expected from the generally better preservation of assemblages in Hole 761B. Moreover, Hole 761B is more condensed and contains poorer recovery than Hole 762C and this could have affected biostratigraphic accuracy.
There are some basic differences in the composition of assemblages in the Santonian-Maestrichtian sections of the two sets of holes, indicating that paleobiogeographic controls may be responsible for the diachroneity of events. Species that are less abundant in Hole 761B than Holes 762C/763B
include Broinsonia parca, B. signata, Kamptnerius magnificus, Lithastrinus grillii, Eprolithus floralis, E. moratus, and Reinhardtites levis. In addition Hole 76IB lacks the dramatic fluctuation in abundances of Micula staurophora and Lucianorhabdus cayeuxii which are present in the other sites. Most of these species have been shown to exhibit abundance peaks at high latitudes (Roth and Bowdler, 1981; Thierstein, 1981; Roth and Krumbach, 1986) . It is not surprising that given the significant compositional differences, the ranges vary between the sets of sites. What is interesting, however, is that these compositional differences indicate significant paleobiogeographic differences between two sets of sites which are only separated by a few degrees of latitude. We speculate that there must have been a strong thermal gradient in the Santonian-Maestrichtian interval over the Exmouth Plateau, but also that the higher latitude species may have preferred the more marginal setting of the central Exmouth Plateau sites.
Correlation of Upper Cretaceous Calcareous Nannofossil Biostratigraphy with Planktonic Foraminifer Biostratigraphy and Magnetostratigraphy
There have been several recent investigations of the correlation between calcareous nannofossil biostratigraphy and the geomagnetic polarity time scale (e.g., Tauxe et al., 1983; Manivit and Feinberg, 1984; Stradner and Steinmetz, 1984; Monechi and Thierstein, 1985) . These correlations can be made in sedimentary land and deep-sea sections and at sediment/basalt contacts. The magnetostratigraphic results of Galbrun (this volume, chapter 42) from Holes 76IB and 762C, combined with our biostratigraphic data, allow a comparison with these previous investigations. The correlation of magnetostratigraphy and the geomagnetic polarity time scale derived from seafloor magnetic anomalies (e.g., Heirtzler et al., 1968) is not clear-cut for either hole (Galbrun, this volume, chapter 42), as there are too many reversals in both holes, and several unrecovered intervals of unknown polarity. However, most of the major biomagnetostratigraphic results of this investigation agree with those of previous studies. These correlations include: first occurrence of Micula mums and polarity zone 30N, last occurrence of Quadrum trifidum and polarity zone 32N, and first occurrences of Q. trifidum and Q. gothicum and polarity zone 33N ( Figs. 6 and 7) .
There are certain problems, however. The first occurrence of Lithraphidites quadrat us lies in polarity zone 3 IN in most sections, including Bottaccione (Monechi and Thierstein, 1985) , DSDP Site 524 (Tauxe et al., 1983) , DSDP Sites 525 and 527 (Manivit and Feinberg, 1984) , and Hole 761B, but in polarity zone 30N in Holes 530A (Stradner and Steinmetz, 1984) and 762C. This disparity may result from misidentification of polarity zone 3 IN in Hole 762C (Fig. 6 ). This polarity zone is separated from zone 30N by a short reversed interval that is not recorded in some sections such as Hole 761B. Galbrun (this volume, chapter 42) separated polarity zones 30N and 3IN based on two reversed samples with relatively low inclinations. Thus, there is a possibility that polarity zone 3IN may be included in zone 30N. The last occurrence of Eiffellithus eximius lies within polarity zone 33N at Bottaccione (Monechi and Thierstein, 1985) and Hole 530A (Stradner and Steinmetz, 1984) , but in polarity zone 31R at Hole 762C and at the boundary between polarity zones 31R and 32N in Hole 761B. This considerable difference is difficult to explain. Another event which has a variable magnetostratigraphic correlation is the first occurrence of Nephrolithus frequens. This event lies within polarity zone 30N at DSDP Sites 524 (Tauxe et al., 1983) and 525 (Manivit and Feinberg, 1984) and Hole 761B, polarity zone 3 IN at DSDP Sites 384 and 387 (Okada and Thierstein, 1979) and Hole 762C, and polarity zone 31R in ODP Site 690 (Pospichal and Wise, 1990) . The time-transgressive first occurrence of N. frequens in Leg 122 sites is consistent with the equatorward migration of this species as proposed by Pospichal and Wise (1990) .
Other events show smaller disparities. The last occurrence of Broinsonia parca lies in polarity zone 31R in Holes 761B and 762C, and in polarity zone 32N at Bottaccione, The last occurrence of Reinhardtites levis lies in polarity zone 31R at DSDP Site 525 (Manivit and Feinberg, 1984) , ODP Site 690 (Pospichal and Wise, 1990) , and Holes 761B and 762C, but in polarity zone 3 IN at DSDP Site 384 (last occurrence of Z. anthophorus, Okada and Thierstein, 1979) and in polarity zone 32N in DSDP Hole 530A (Stradner and Steinmetz, 1984) . The consensus of results points to a correlation between the last occurrence of R. levis and polarity zone 31R. The first occurrence of B. parca lies within polarity zone 33R in the Bottaccione section (Monechi and Thierstein, 1985) and Hole 530A (Stradner and Steinmetz, 1984) , but below this at the top of polarity zone 34N (the long normal) in Hole 762C. This slight disparity could be a result of the extremely expanded section in Hole 762C and the occurrence of early, very small forms of B. parca (see Appendix). The correlation of calcareous nannofossil events with the geomagnetic polarity time scale as suggested by data from Holes 76IB and 762C is shown in Figure 7 .
Correlation between Albian-Maestrichtian calcareous nannofossil and planktonic foraminifer biostratigraphies (from Wonders, this volume) is also illustrated in Figure 7 . These correlations are derived from Hole 762C for the Turonian-Maestrichtian interval and from Hole 763B for the Albian-Cenomanian interval, although the results from the other holes in general agree with those presented. We base the correlations on the above intervals in these two holes because they represent the most continuous, expanded sections. In the majority of cases, the chronostratigraphic boundaries as indicated by planktonic foraminifer agree surprisingly well with those based on calcareous nannofossils. CONCLUSIONS 1. Three sites from Leg 122, Site 761 on the Wombat Plateau and Sites 762 and 763 on the Exmouth Plateau, provide a composite Cretaceous section ranging in age from Berriasian to Maestrichtian. Together, these sites provide an apparently complete, expanded Aptian-Maestrichtian record. Consistently occurring and predominantly moderately wellpreserved nannofossil assemblages allow reasonably high biostratigraphic resolution.
2. Our data indicate that traditional middle, and particularly Upper Cretaceous nannofossil biozonations, were not entirely applicable in this region. Detailed analysis of the similarities and differences in the relative ranges of key Cretaceous nannofossil markers in the eastern Indian Ocean and in stratotype, parastratotype and other sections from Europe and North Africa is possible. We have determined which previously used markers are applicable and which additional markers have biostratigraphic utility in this region.
3. Nannofossil biostratigraphic investigation of these sections has led to the following highlights: (1) age calibration of portions of the Neocomian Barrow Delta sequence, (2) an expanded Albian-Cenomanian section with well-preserved temperate nannofloras allowing calibration of high-and lowlatitude zonation schemes, (3) two Cenomanian-Turonian boundary sections, (4) an expanded upper Santonian-Maestrichtian section cored at two sites, showing unusual assemblage differences probably as a result of a strong thermal gradient, (5) Bukry, 1969 (PL 5, Figs. 33, 34) . This species is a common element of Upper Cretaceous nannofioras from Holes 76IB and 762C. It is differentiated from other members of Vagalapilla based on the irregular arrangement of its cross. Size varies significantly between 5 and 10 µm. Previously, its range was reported as Coniacian-Campanian (Bukry, 1969; Thierstein, 1974) ; however, we have observed it from the upper Santonian to the upper Maestrichtian. Parhabdolithus achlyostaurion Hill, 1976 Corollithion achylosum (Stover, 1966 Thierstein, 1971 Ceratolithoides aculeus (Stradner, 1961) Prins and Sissingh in Sissingh, 1977 (PL 7, Figs. 26-31) .This species has a variable shape, with some specimens (e.g., PL 7, Figs. 30, 31) being considerably more elongate than others. None of the elongate forms observed have the structure of C. verbeekii Perch-Nielsen, 1979 . This species appears to be part of the stem of another nannofossil; however, no specimens were observed attached. Corollithion acutum Thierstein in Roth and Thierstein, 1972 Lithraphidites acutum Manivit et al., 1977 Braarudosphaera africana Stradner, 1961 Axopodorhabdus albianus (Black, 1967 Wind and Wise in Wise and Wind, 1977 (PL 2, Figs. 1, 2) . Hayesites albiensis Manivit, 1971 (PL 7, Figs. 22, 23) . Chiastozygus amphipons (Bramlette and Martini, 1964) Gartner, 1968 (PL 5, Figs. 17, 18) . Chiastozygus is a very variable genus in the Upper Cretaceous. Most of the descriptions of the numerous species defined have been made solely on the basis of electron micrographs (Gartner, 1968; Bukry, 1969) . It is therefore unclear how to differentiate the numerous taxa in the light microscope. For this reason, in this study we use only three species and differentiate them on the basis of their central crosses. Chiastozygus amphipons has a narrow, slightly off-diagonal cross with straight bars. C. garrisonii has a wider cross with bifurcating tips, often a central process, and is commonly overgrown. C. litterarius has a wide, relatively straight cross which is split lengthwise into two segments. Cretarhabdus angustiforatus (Black, 1971) Bukry, 1973 (PL 2, Figs. 19, 20) . Parhabdolithus angustus (Stradner, 1963 ) Stradner et al., 1968 . This species may be elliptical or kidney-shaped. It is differentiated from P. splendens based on its length to width ratio, which is greater than 2. It sometimes possesses a central process. Reinhardtites anthophorus (Deflandre, 1959 ) Perch-Nielsen, 1968 PL 6, 12-14) . This species is differentiated from Reinhardtites levis based on the presence of significant openings in the central area aligned with the long axis. In R. levis, there may be small openings but these occur diagonally to the central process. Even though this distinction is made, it is felt here that the variation in size, shape, and position of central openings may be a result of progressive overgrowth of specimens. Scanning electron micrographs, Plate 6, Figures 12 and 13 , illustrate specimens of R. anthophorus with partially overgrown openings; Plate 6, Figure 14 , shows a proximal view of this species with unaltered openings. Therefore, in overgrown specimens it may be difficult to distinguish this species from R. levis. In the lower part of the range of this species, other related zygoliths may be confused with R. anthophorus. A form has been observed in the Turanian and Coniacian of Hole 762C which has extremely large openings in the central area, resembling Placozygus sigmoides. Thus, the range of R. anthophorus reported here is difficult to compare with the results of other investigations. Lucianorhabdus arcuatus Forchheimer, 1972 Prediscosphaera arkhangelskyi (Reinhardt, 1965 ) Perch-Nielsen, 1984 . This rare species is restricted to the Santonian-Maestrichtian of all three holes. It is distinguished by its relatively large size (usually longer than 8 µm) and relatively oblate shape. The cross is aligned with the major axes as in P. spinosa. It is differentiated from the latter species by its thick, bright white, innermost cycle of elements. The innermost cycle is slightly thicker than previously illustrated specimens, but this could easily be a result of overgrowth. Parhabdolithus asper (Stradner, 1963) Manivit, 1971 (PL 5, Figs. 25, 26 ; PL 6, Fig. 10 ). Watznaueria barnesae (Black, 1959 ) Perch-Nielsen, 1968 Microrhabdulus belgicus Hay and Towe, 1963 Watznaueria biporta Bukry, 1969 Micrantholithus brevis Jakubowski, 1986 (PL 8, Figs. 3, 4) . Amphizygus brooksii Bukry, 1969 Lithraphidites carniolensis Deflandre, 1963 Lucianorhabdus cayeuxii Deflandre, 1959 . This holococcolith possesses two straight parallel bars with no curved endings. It is often very overgrown and is unusually common in certain samples from Hole 762C. Microstaurus chiastius (Worsley, 1971 ) Bralower, 1989 Markalius circumradiatus (Stover, 1966 ) Perch-Nielsen, 1968 Prediscosphaera columnata (Stover, 1966 ) Perch-Nielsen, 1984 Albian species is round and unusually small, its diameter ranging from 4-6 µm. Its descendant, P. cretacea, is elliptical in shape and usually larger. Watznaueria communis Reinhardt, 1964 Vagalapilla compacta Bukry, 1969 Micula concava (Stradner in Martini and Stradner, 1960) Verbeek, 1976 . We use similar criteria to Perch-Nielsen (1985) to differentiate this taxon from M. staurophora. M. concava, rarely observed in our material, has projections extending beyond the sides of the basic cube, whereas M. staurophora possesses no projections. As suggested by Roth and Bowdler (1979) , this species appears to be a descendant of M. staurophora. Cretarhabdus conicus Bramlette and Martini, 1964 (PL 4, Fig. 8 ). The central area of this species contains more than one row of perforations whereas C. surirellus only has one row. C. conicus is very variable in size, its length ranging up to 12 µm in the Maestrichtian. It often possesses a distinct cross aligned with the major axes. Biscutum constans (Gorka, 1957 ) Black, 1959 . This taxon is small, usually less than 6µm in length and possesses a small central area. Petrarhabdus copulatus (Deflandre, 1959) Wind and Wise, in Wise, 1983 (PL 2, Figs. 1-17) . This species is common in the material studied and provides a useful marker; we therefore provide additional morphological detail. This is a large, round to elliptical coccolith composed of closely appressed proximal and distal shields. Each shield is composed of one cycle of elements. The proximal shield is constructed of 18-22 non-imbricate trapezoid elements which enclose a narrow central area. The central area in this view may contain a tiny petaloid central process. The distal shield is constructed of 17-19 rhombic elements which imbricate in a clockwise fashion. The central area in this view is larger and contains up to 12 prismatic elements which are arranged in a semi-random fashion. This species is extremely diagnostic in the light microscope due to its size, its very low (first order grey) birefringence in cross-polarized light, and a common stem (which we have not observed in the SEM) composed of four blocky, highly birefringent elements. This stem may be so large as to cover the entire coccolith below it. The structure of this species is quite unusual in that the distal shield is so imbricated and the proximal shield is non-imbricated. Based on 9 specimens measured, the length varies between 12 and 15 µm, and the width between 8 and 12 µm. The known range of this species is upper Campanian to upper Maestrichtian. Cretarhabdus coronadventis Reinhardt, 1966 (PL 3, Figs. 21, 22) . Biscutum coronum Wind and Wise in Wise and Wind, 1977 (PL 1, Figs. 21-26) . This species is larger than B. constans, usually
